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(71) We. UNITED, KINGDOM 
ATOMIC ENERGY AUTHORITY, 
London, a British Authority, do hereby 
declare the invention for which we pray that 
5 a patent may be granted to us, and the- 
method by which it is to be performed, to be 
particularly described in and by the . 
following statement: — 

This invention relates to journal and 
10 bearing assemblies which operate with gas 
lubrication between the jonmal member 
and the bearing member. 
. A typical form of gas bearing asseriibly of 
the type referred to above comprises a shaft 
15 and a co-operating bearing sleeve, the 
surface of the shaft and the bore of the 
bearing sleeve being finished to an ex-, 
jtremely high standard of accuracy and 
' smoothness to provide bearing surfaces 
20 between which gas lubrication can be 
maintained under normal operating con- 
ditions. 

There are two main types of journal gas 
bearing assembly. 
25 In the first type, which is known as a 
hydrostatic pressure fed journal gas bearing, 
gas lubrication is maintained between the 
bearing surfaces of the shaft and the bearing 
sleeve by gas which is fed under pressure 
30 from an external source to the Interspace 
defined between the bearing surfaces. 

In the second type, which is known as a 
hydrodynamic self-acting gas journal 
bearing,, gas lubrication is maintained 
35 between the bearing surfaces of the shaft 
and the bearing sleeve by the pressure 
generated hyckodynamically in gas in the 
interspace defined between the bearing 
surfaces due to relative rotation of the shaft 
40 and the bearing sleeve. 

Gas bearing assemblies of the kind 
referred to above can be made relatively 
cheaply, as disclosed in British Patent No. 
979,731 , by forming at least one of the 
45. bearing suiiaces of the shaft and the bearing 
sleeve from a moulded plastics material 
such as an epoxy resin. 



Both types of gas bearing assembly 
referred to above can be operated with the 
bearing sleeve rotatable on a stationary 50 
shaft or alematively the shaft may be 
rotatable in a stationary bearing sleeve. In 
either case it is necessary to support the . 
rotating member against longitudinal 
movenient on the stationary member. - 55 

According to ffie" present invention a 
journal gas bearing assembly comprises a 
shaft and a complementary bearing sleeve 
rotatable one relative to the otiier^ ttie shaft 
and the bearing sleeve having co-operating. 60 
bearing surfaces of a quality such that gas 
lubrication caii be sustained between the 
shaft and the bearing sleeve,, longitudinal 
movement of the shaft and the bearing 
sleeve one relative to the other in one 65 
direction being limited by a . hydrostatic 
thrust bearing formed by a cushion of gas 
trapped under pressure in a closed volume 
located between co-operating thrqst sur- 
faces disposed on the shaft, and the bearing 70 . 
sleeve, passage means leading directly into . 
the closed voluioe for feeding compressed 
gas to the hydrostatic thrust bearing and a 
hydrodynamic thrust gas bearing formed by 
co-operating thrust surfaces on the shaft and 75 
the bearing sleeve acting in the opposite 
sense to which the hydrostatic thrust 
bearing acts between the shaft and the : 
bearing sleeve for limiting longitudinal 
nipvement of the shaft and the bearing 80 
sleeve one relative to the other in the 
reverse direction. 

The invention will be described further, ' 
by way of example with reference to the 
accompanying drawings; in which: 85 

Figures 1 , 2 and 5 are elevations of journal 
gas bearing assemblies having a bearing 
sleeve rotatable on a stationary shaft; and 
Figures 3 and 4 are elevations of journal 
gas bearing assemblies . having a shaft 90 
rotatable in a stationary bearing sleeve. 

Referring to. Figure 1 of the drawings, a 
bearing assembly 1 is shown in which a ' • 
hardened steel shaft 2 is supported by a 
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Jemble mouttting 3 in a structural member 
4. The shaft 2 is surrounded by a close fitting 
bearing sleeve member 5 rotatable on the 
shaft 2. The bearing sleeve 5 has a blind 
ended bore which provides a trapped 
volume 7 between the blind end of the 
bearing sleeve 5 and the end of the shaft 2 
Ilie trapped volume 7 is of greater diameter 
than the bore 6 in order to accommodate an 
integral flange^ 8 on the end of the shaft 2. 
The flange 8 has a lower precision ground 
annular bearing surface 9 which is opposed 
by the face of an internal step 10 in the bore 
6 of the bearing sleeve 5. The shaft 2 has a 
precision ground outer surface and the bore 
6 of the bearing sleeve 5 has a plastics lining 
11 formed with a surface of gas bearing 
quality complementary to the surface of the 
shaft 2. The bearing surface in the plastics 
lining 11 of the bearing sleeves may be 
formed for example by the method disclosed 
m our British Patent No. 979,731. The face 
of the internal step 10 in the bore 6 of the 
bearing sleeve 5 has a plastics coating 12 
with a surface of gas bearing quality 
complementary to the surface 9 on the 
flange 8 of the ^aft 2. The bearing surface 
of the plastics coating 12 is grooved to 
provide the gas pumping action between the 
bearing surfaces. Alternatively the metal 
bearmg surface 9 may be grooved to achieve 
the same effect. 

The shaft 2 is provided with a longitudinal 
internal air duct 13, the end of which leads 
into the trapped volume 7 and is sealed by a 
ban end-stop 14. A feed jet 15 of reduced 
diameter and located immediately below flie 
ball end-stop 14 cojmects the air duct 13 into 
the trapped volume 7. 

In operation of the bearing assembly 1 
shown in Figure 1 the sleeve member 5 
rotates on the shaft 2. The plastics lining 11 
of the bearing sleeve 5 acts with the shaft 2 
as a hydrodynamic air lubricated journal 
bearing, joxunal loads on the sleeve being 
supported by the pressurised cushion of air 
generated in the gap between the plastics 
hning 11 of the bearing sleeve 5 and the 
shaft 2 by rotation of the bearing sleeve 5 on 
the shaft 2. Compressed air is fed into the 
trapped volume 7 through the air duct 13 
and the feed jet 15. The pressure of air built 
up in the trapped volume 7 provides a 
hydrostatic air bearing cushion supporting 
the bearing sleeve 5 longitudinally on the 
shaft 2 against end thrusts acting on the 
bearing sleeve 5 in the direction towards the 
shaft 2. The pressure of the air acting in the 
trapped volimie 7 causes tie bearing sleeve 
5 to take up a position on the shaft 2 such 
that a small clearance exists between the 
bearing surface 9 on the flange 8 of the shaft 
2 and the bearing surface of the plastics 
coating 12 on the step 10 m the bearing 
sleeve 5, The bearing surf ace 9 on the flange 



8 of the shaft 2 and the bearing surface of 
the plastics coating 12 on the step 10 of the 
bearing sleeve 5 thus co-operate to act as a 
hydrodynamic air lubricated thrust bearing 
working counter to the longitudinal end 
thrust acting on the bearing sleeve 5 due to 
tliepressure of the air in the trapped volume 
7., The bearing assembly 1 can thus operate in 
any attitude and at the same time maintain 
precise location of the sleieve member 5 
on the shaft 2. If a failure of the compressed 
air supply to the bearing assembly 1 should 
occur the ball end stop 14 ensures that a safe 
runnmg condition can be maintained for a 
reasonable period of time. 

The arrangement shown in Figure 2 is 
similar to the arrangement shown in Figure 
8 and comprises a bearing assembly 16 in 
which a shaft 17 is supported by a flexible 
mounting 18 in a structural member 19. The 
shaft 17 is surrounded by a close fitting 
bearing sleeve member 20 which is rotatable 
on the shaft 17. The bearing sleeve 20 has a 
blind eiided bore 21 which provides a 
trapped volume 22 between the blind end of 
the sleeve 20 and the end of the shaft 17, 
The trapped volume 22 is of greater dia- 
meter than the bore 21 in order to 
accommodate an integral flange 23 on 
the end of the shaft 17. The flange 
23 has a lower precision ground annular 
bearing surface 24 which is opposed 
by the face of an internal step 25 in 
the bore 21 of the bearing sleeve 20. The 
shaft 1 7 has a precision ground outer surface 
and the bore 21 of the bearing sleeve 20 has 
a plastics linmg 24 formed with a surface of 
gas bearing quality complementary to the 
surface of the shaft 17. The face of the 
internal step 25 in the bore 21 of the bearing 
sleeve 20 has a plastics coating 27 with a 
surface of gas bearing quality com- 
plenientary to the bearing surface 24 on the 
^^^^^.P The surface of the 

shaft 17 is provided with machined pumpmg 
^ooves 28 extending from the fixed end of 
the shaft 17 up to radial ducts 29 located mid 
way along the shaft 17. The ducts 29 extend 
from the surface of the shaft 17 to a 
longitudinal duct 30 in the shaft 17. The duct 
30 leads from the ducts 29 to the end of the 
^aft 17 in thctrapped volume 22, the end of 
me duct 30 being sealed by a ball end stop 
31. Immediately behind the baU end stop 31 
a restricted feed jet 32 connects the duct 30 
with the trapped volcme 22. The surface of 
the plastics coating :.7 on the face of the 
mtemal step 25 in the bore 21 of the bearing 
sleeve 20 is grooved to provide gas pumping 
action between the bearing surfaces. 
Alternatively the metal bearing surface 24 
may be grooved to achieve the same effect. 

In operation of the bearing assembly 16 
shown in Figure 2 the sleeve member 20 
rotates on the shaft 17 as a hydrodynamic air J 30 
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lubricated journal bearuig, journal loads on 
the sleeve 20 being supported by the 
pressurised cushion of air generated in the 
gap between the plastics lining 26 of the 
5 sleeve 20 and the bearing surface of the 
shaft 17 by rotation of the sleeve member 
20 on the shaft 17 and by the action 
of the pumping grooves 28 on the 
shaft 17. The air pressure in the hydro- 
lb dynamic journal bearing is at a maxi- 
mum approximately mid way along the 
* shaft i7. Thus compressed air is fed froia the 
surface of the shaft 17 into the duct 30 by 
the ducts 29. From the duct 30 the air feed jet 
15. 32 feeds the compressed air into the trapped 
. volume 22 to provide a . hydrostatic air 
bearing cushion supporting the bearing 
sleeve 20 longitudinally on the shaft 17 
against end tlmists acting on the bearing 
20 sleeve, 20 in the direction towards the shaft 
17. The pressure of the air acting 
in the trapped volume 22 causes the; 
bearing sleeve 20 to take up a posi- 
tion on the shaft 17 such that a smaU 
25 clearance exists between the bearing surface 
24 on the flange 23 of the shaft 17 and the 
bearing surface of the plastics coating 27 on 
the face of the internal step 25 in tiie bore 21 
of the bearing sleeve 20. The bearing surface 
30 24 and the bearing surface of the plastics 
coating 27 thus co-operate to act as a 
hydrodynamic air lubricated thrust bearing 
working counter to the longitudinal thrust 
acting on the bearing sleeve 20 due to the^ 
35 pressure of the air in the trapped volume 27. 
if the air supply to the trapped volume 22 is 
curtailed in any way the ball end stop 31 
ensures that safe ruxming conditions canbe 
maintained for a reasonable period of time. 
40 Figiure 3 shows a bearing assembly 33 
comprising a bearing sleeve member 34 
' having a blind ended bore 35. The bearing 
sleeve 34 has an axial entension 36 by means 
of which the bearing sleeve 34 is supported 
.45 by a flexible mounting 37 from a structural 
member 38. A shaft 39 is rotatable within 
the bore 35 of the bearing sleeve 34. The 
blind ended bore 35 ,of the bearing sleeve 34 
provides a trapped vdluine 40 between its 
50 blind end and the end of the shaft 39. The 
trapped volume 40 is of greater diameter 
thw the boire 35 in order to accom- 
modate an integral flange 41 on the end of 
the shaft 39. The flange 41 has an 
55 . upper precisioii ground annular bear- 
ing surface 42 which is opposed by the 
. face of an. annular internal step 43 in 
the bore 35 of the bearing sleeve 34. The. 
shaft 39 has a precision ground outer surface 
60 and the bore 35 of the bearing sleeve 34 has 
- a plastics lining 44 formed with a bearing 
surface of gas bearing quality com- 
plementary to the surface of the shaft 39. 
The face of the internal step 43 in. the bore 
65 35 of the bearing sleeve 34 has a plastics 



coating 45 with a surface of gas bearing 
quality complementary to the bearing 
surface 42 on the flange 41 of the shaft 39. 
The bearing surface of the plastics coating 
45 or the complementary liejiring surface 42 70 * 
is grooved to provide the gas pumping action 
between these bearing surfaces wh n the 
shaft 39 is rotated. 

The extension 36 of the sleeve member 34 
is provided with an internal air duct 46, the 75 . 
end of which leads into the trapped volume 
40 and is sealed by a ball end-stop 47; A feed 
jet 48 of reduced diameter and located 
immediately belo;w the ball end stop 47 
connects the air duct 46 into the trapped 80 
volume 40. 

In operation of. the bearing assembly 33 
shown in Figure 10 the shaft 39 rotates 
within the stationary sleeve 34. The com- 
plementary gas bearing surfaces of the 85 . 
plastics lining 44 and the shaft 39 act as a 
hydrodynamicairlubricatedjbumal bearing .. 
supporting jouriial loads ynth the 
pressurised cushion of air generated in the 
gap between the bearing surfaces. Com- 90 
pressed air is fed into the trapped volume 40 
through the air duct 46 and die feed jet 48. ' 
The air pressure built up in the trapped 
volume 40 provides a hydrostatic air bearing 
cushion supporting the shaft 39 against 95. 
downwards end thrusts in the bewaring sleeve 
34. The pressure of the air acting in the 
trapped volume 40 causes the shaft 39 to 
take up a position in the bearing sleeve 34 
such that a small clearance exists between ipO 
the bearing surface 42 on the flange 41 of 
the shaft 39 and the bearing surface of the 
plastics coating '45 on the face of the internsd 
step 43 in the bore 35 of the bearing sleeve . 
34. The bearing surface 42 and the bearing 105 
surface of the plastics coating 43 thus co- 
operate to act as a hydrodynamic air 
lubricated bearing working counter to the 
longitudinal thrust acting on the bearing 
sleeve 34 due to the pressure of the 110. 
air in the trapped volume 40. The 
bearing assembly 33 can thus operate in 
any required attitude and at the same timb 
. maintain precise longitudinal location.of . the 
shaft 39 in the sleeve member 34. If a failure 115 
of the compressed air supply to' bearing 
assembly 33 occurs the ball end stop 47 
ensures .that a safe running condition can be . 
xnaihtained for a reasonable period of tune. 

The bearing assembly 49 shown in Figure 120 
4 is similar to that shown in Figure 3 and 
comprises a .bearing sleeve member 50 
having a blind ended bore 5l\ The bearing 
sleeve 50 has an axial extension 52 by means 
of which the bearing sleeve 50 is supported 125 . 
by a flexible mounting 53 from a structural 
member 54. A shaft 55 is rotatable within 
the bore 51 of the bearing sleeve 50. 
The blind ended bore 51 of the bear- 
ing sleeve 50 provides a trapped "Olume 120 
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56. The trapped volume 56 is of greater 
diameter than tiiie bore 51 in order to ac- 
commodate an integral flange 57 on the end 
of the shaft 55. 
5 The flange 57 has an upper precision 
ground annular bearing surface 58 which is 
opposed by the face of annular internal step 
59 in &e bore 51 of the bearbg sleevie 50. 
llie shaft 55 has a precision ground outer 

10 surface and the bore 51 of the beanng sleeve; 
50 has a plastics lining 60 formed with a 
bearing surface of gas bearing quality 
complementary to the siuface of the shaft 
55. The face of the internal step 59 in the 

15 bore 51 of the bearing sleeve 50 has a 
plastics coating 61 with a surface of gas 
bearing quality complementary to the 
bearing surface 58 on the flange 57 of the 
shaft 55.. The bearing surface of, the plastics 

20 coating 61 is grooved to providev gas 
pumping action between these beanng 
surfaces when the shaft 55 is rotated. The 
surface of the shaft is provided with 
machined pumping grooves 62 extending 

25 from Hie open end of the bearing sleeve 50 
up to radi^ ducts 63 located midway along 
the shaft 55 and extending from the surface 
of the shaft into a longitudinal duct 64 in the 
shaft 55, The duct 64 leads to the end of the 

30 shiaft 55 and is sealed at its end. Immediately 
opposite the sealed end of the duct 64 a baU 
end stop 65 is located in the bearing sleeve 
50. Afeed jet 66 connects the duct 64 into the 
trajpped volume 56. 

35 In operation of the bearing assembly 49 
shown in Figure 4, the shaft 55 rotates in the 
fixed beanng sleeve 50, hydrodynamic air 
lubrication being sustained between tjie 
bearing surface of the shaft 55 and the 

40 bearing surface of the plastics lining 60 of 
the bearing sleeve 50. Journal loads on the 
shaft 55 are supported by the pressurised 
cushion of air generated in the gap between 
the shaft 55 and tJie plastics linmg 60 of the 

45 bearing sleeve 50. The pfessiure generated is 
due to rotation of the Shaft 55 in the bearing 
sleeve 50 and due to the pumping action of 
the grooves 62.on the surface of the shaft 55. 
Maximum pressure is generated about mid 

50 way along the shaft 55 in the region of the 
radial ducts 63 in the shaft 55. Thus com- 
pressed air is fed through the ducts 63 and 
the longitudinal duct 64 in the shaft 55 is fed 
from the duct 64 through the air feed jet 66 

55 into the trapped volume 56 at the blind end 
of the bore 51 in the bearing sleeve 50. This 
provides a hydrostatic air bearing cushion in 
the trapped volume 56 supporting the shaft 
55 longitudinally against downwards end 

60 thrusts in thie bearing sleeve 50. The 
pressure of the air acting in the trapped 
volume 56 causes the shaft 55 to take up a 
position in the bearing sleeve 50 siich that a 
small clearance exists^ between the bearing 
65. surface 58 on the flange 57 of the shaft 55 



and the bearing surface of the plastics 
coating 61 on the face of the internal step 
59 in the bearing sleeve 50. The beax:ing 
surface 58 and the bearing surface of the ^ 
plastics coating 61 thus co-operate to act as 70 - 
a hydrodynamic air lubricatpd ^ thrust 
bearing working counter to the longitudinal 
thrust acting on the shaft 55 due to the 

Sressure of the air in the trapped volume 56.. 
I the air supply to the trapped volmne 56 is 75 
interrupted the baU end stop 65 ensures that 
safe running conditions can be medntaiiied 
for a reasonable period of time. 

Referring to Figure 5, of the drawings a 
bearing assembly is . shown comprising a 80 
steel shaft 70 rotatable in a stationary 
bearing ^eeve 71. The bearing sleeve 71 is 
supported in an aperture 72 in a structural 
member 73 by two flexible mounting 
members 74. The shaft 70 is stepped in two 85 
parts, a main part 75 and a smaller diameter 
. part 76. The bore of the bearing sleeve 71 is. 
also stepped iu two parts, a main part 77 
complementary to the main part 75 of the 
shaft 70 and a smaller diameter part 78 90 
complementary to the smaller diameter part- 
76 of the shaft 70. The surfaces of the parts 
75 and 76 of the shaft 70 are precnsion 
ground and the main part 77 of the bore of 
title bearing sleeve 71 has a plastics lining 79 95 
with a siufape of gas bearing quality 
complementaxy to the surface ot the 'main 
part 75 of the shaft 70. The smaller diemieter 
part 78 of the bore of the bearing sleeve 71 
has a plastic lining 80 with a surface of gas 100 
bearing quality complementary to tiie 
istirface of the smaller diameter part 76 of 
the shaft 70. A free space 81 is defined in the 
main part 77 of the bore of the bearing 
sleeve 71 between a shoulder 82 on the shafi 105 
70 and a shoulder 83 in the bore of the 
bearing sleeve 71. An air feed port 84 of 
restricted cross section passes radially 
through the bearing sleeve 71 from the 
space between the two mounting members 110 
74 for the bearing sleeve 71 to the free space 
81 in the bore of the bearing sleeve 71. A 
compressed air inlet passageway 85 extends 
through the structural support member 73 to . 
the space between two mounting members 1 15 
74 for the bearing sleeve 71 . 

An end of the shaft 70 is fitted with a rotor 
89. 

"a tiirust cbUar 91 is fitted on the shaft 70 
between the rotor 89 and the end face 92 of 120 
the bearing sleeve 71. The end face of the . 
thrust collar 91 facing the end face 92 of the 
bearing sleeve 71 has a precision ground 
bearing surface 93. The^end face 92 of the 
bearing sleeve 71 has a plastics, coating 94 125 
formed with a bearing surface 95 of . gas 
bearing quality complementary to file 
bearing surface 93 on the. thrust collar 91. 
The bearing surface 93 on the thrust collar 
91 and the bearing surface 95 of the plastics 130 
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coating 94 on the end face 92 of the bearing 
sleeve 71 together form a hydrodynamic 
thrust bearing supporting the shaft 70 
longitudinally against end thrusts in the 
5 direction away from the rotor 89^ To make 
- the hydrodyn£inuc thrust bearing self acting 
radial pumping grooves are formed in either 
the bearing surface 93 or the bearing surface 
95. Support for the shaft 70 agamst end 
10 thrust acting in the direction towards the 
rotor 89 is by a cushion of compressed air 
trapped in the free space 81 in the bore, of 
the bearing sleeve 71 . Air is admitted into the 
space 81 at a preset pressure. , . 
15 WHAT WE CLAIM IS:— 

: 1. A journal gais bearing assembly 
comprising a shaft and a complementary 
• . bearing sleeve rotiatable one relative to the 
other, the shaft aiid the bearing sleeve 
20 having co-operating bearing surfaces of a 
quality such that gas lubrication can be 
sustained between the shaft and the 
bearing sleeve, longitudinal movement of- 
the shaft and the bearing sleeve one relative 
25 to the other in one direction being limited 
by a hydrostatic thrust bearing formed by a 
cushion of gas trapped under pressure in a 
closed volume located between co- 
operating thrust surfaces disposed on the 
30 shaft and the bearing sleeve, passage means 
leading directly into the closed volume for 
feeding compressed gas to the hydrostatic 
thrust bearing and a hydrodynamic thrust 
gas bearing formed by co-operating thrust^ 
35 surfaces on the shaft and the bearing sleeve 
acting in the opposite sense to wmch the 
hydrostatic thrust bearing acts between the 
shaft and the bearing sleeve for limiting 
longitudinal movement of the shaft and fhe 
40 bearing sleeve one relative to the other in 
the reverse direction. 

2. A journal gas bearing assembly as 
claimed in claim 1 in which the shaft is fixed 
and the bearing sleeve is rotatable on the 

45 shaft. . . 

3. A journa.! gas bearing ^assembly as 
climed in claim 1 or 2 in which the com- 
pressed gas is fed from an external source 
into the closed volume. . 



4. A journal gas bearing assembly as 50 
claimed in claim 1 or 2 >vherein the means for 
feeding compressed gas to the hydrostatic 
thrust bearing comprises a passageway in the 
shaft leading from the bearing interspace 
between the surface of the shaft and the 55 
bore of the bearing sleeve to the closed ^ 
volume. 

5. A journal gas bearing assembly as 
claimed in claim 4 wherein pumping grooves 

are provided on the surface of the ^af t or in 60 
the bore of the bearing sleeve, the 
passageway leading from the pumping 
grooves to the closed volume. 

6. A journal gas bearing assembly as . 
claimed in claims 4 and 5 m which the 65 
passage way connects with the closed 
volume through ah orifice of restricted 
cross-section. 

7. A journal gas bearing assembly as 
claimed in any preceding claim wherein the 70 
bore of the bearing sleeve has a blind end 
and leads through a step into a part of larger 
diameter at the blind end of the bore, the 
annular end face of the step forming one 
bearing surface of the hydrodynamic thrust '^S. 
bearingj the shaft haying an end flange in 

the part of larger diameter at the blind end 
of the bore of the bearing sleeve, the annular 
end face of the flange facing the annular end 
face of the step in the bore of the bearing 80 
sleeve forming the other bearing surface of 
the hydrodynamic thrust bearings 

8. A journal gas bearing assembly as 
claimed in any preceding claim in which'the 
shaft or sleeve is flexibly mounted. 

9. A journal gas bearing assembly 
susbstantially as herein described with 
reference to and as illustrated in any one of 
Figures 1 to 4 of the accompanying 
drawings. ^0 

10. A journal gas bearing assembly 
substantially as herein described with 
reference to and as illustrated in Figure 5 pf 

. the . accompanying drawings. 

D.S.BOSSHARDT - 
Chartered Patent Agent 
Agent for the Apphc?ants. 
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